Analysis of the LIS data for several series of Ln 3+ complexes of C4 symmetry in terms of structural changes, crystal-field effects and/or variation of hyperfine constants along the lanthanide series was undertaken using a combination of the two-nuclei and three-nuclei techniques together with the classical onenucleus technique. Isostructurality of whole series of complexes, with changes of the Fi, and B02 parameters, was clearly defined for the complexes of L by the combination of the two first methods. Small changes, involving the three Fi, G and B parameters, are observed for the series of complexes of L-L4, using the three data plotting methods. Some of the plots according to the two-and three-nuclei methods are accidentally linear, without necessarily implying isostructurality of the complexes, as they involve parameters, which may be insensitive to any small structural changes occurring in these systems. These parameter variations could result from a magnification, by the present graphical analysis, of the breaks expected from the gradual structural changes along the series due to the lanthanide contraction. The x and 13 parameters of the three-nuclei method are not diagnostic of the type of structures the complexes have in solution, due to their very indirect dependence on the geometric factors.
INTRODUCTION
The binding of a ligand to a paramagnetic trivalent lanthanide metal ion, Ln>, generally results in large hyperfine NMR shifts (LIS) as well as nuclear relaxation enhancements (LIR) at the ligand nuclei, which have made them ideal structural probes of supramolecular complexes and proteins/1/, while Gd > complexes have found very useful biomedical applications as contrast agents for Magnetic Resonance Imaging/2/. In particular, the LIS have magnitudes and signs depending critically on both the nature of the Ln 3+ ion and the location of the nucleus relative to the metal center, making them very sensitive to structural changes/1,3,4/. para In fact, the observed LIS values, 60. induced by a paramagnetic Ln > ion j upon the NMR signal of a nucleus i, resulting from the coupling of the electronic magnetic moment of j with the nuclear magnetic moment of i, has two contributions/1 c,5-9/, a through-bond Fermi contact (6) where F is proportional to the hyperfine coupling constant A of nucleus i, <Sr/is the spin expectation value for the paramagnetic n Q is Bleaney's factor, a magnetic constant measuring at a given temperature the second-order magnetic axial anisotropy of the paramagnetic lanthanide j (scaled to -100 for Dy), B is the axial second-order crystal field parameter of the complex, and G is the axial geometric factor of nucleus i, [G (3COS20i-1)/r], where r and 0 are the axial polar coordinates of nucleus in the principal axis (z-axis) of the magnetic susceptibility tensor of the complex, with Fig. 1 ).
- In the case of the 3C shifts of the m isomer, the data available (Ln Pr, Nd, Eu) gives linear plots within the first half of the Ln series (see Table 2 ). lots according to eq. (5) However, the data analysis available does not prove isostructurality in solution.
Thus, we studied the same data using the two-nuclei crystal-field independent technique, eliminating the effect of any B02 changes, and a plot according to eq. (4) (i H2 and k H) gives a single straight line along the lanthanide series (Fig. 8B) 
